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PREFACE 


The  Program  Guidance  Azmex  for  Corps  of  Engineers  Research  and 
Development  Program  for  FT  I96I  requires  that  the  following  be  es¬ 
tablished  \inder  Task  8F07 -10 -001-02:  "...  design  parameters  for 

experimental  model  con^nents,  to  Include  explosive  preparation  of 
drill  holes  as  an  alternate  method,  and  explosive  cratering."  A 
copy  of  the  task  card  covering  the  Investigation  described  In  this 
report  Is  contained  In  Appendix  A. 

Tests  covered  by  this  report  were  conducted  during  the  period 
October  1959  through  June  I961.  All  tests  were  under  the  direction 
of  E.  P.  Leland,  Senior  Engineer,  supervised  by  R.  M.  Flynn,  Chief, 
Field  Defenses  Section,  Demolitions  and  Fortifications  Branch.  All 
test  firings  were  conducted  and  controlled  by  personnel  of  the  Mine 
Warfare  and  Barrier  Test  Ifolt  at  the  Demolition  Test  Area,  Engineer 
Proving  Ground. 
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SIMMRY 


This  report  covers  the  second  phase  of  testing  of  cratering  for 
combat  excavation  with  explosive  charges  placed  below  grovind  surface 
in  holes  formed  by  shaped  charges.  Results  of  the  initial  phase  of 
testing  were  reported  in  USAERDL  Report  I619-TR. 

Testing  was  conducted  on  Ranges  la'’  3  'the  Demolition  Test 
Area,  Engineer  Proving  Ground.  Shaped-charge  parameters  investigated 
included  cone  diameter,  cone  thickness,  cone  angle,  cone  material, 
e^^loslve  weight,  explosive -loaded-height  above  cone  apex,  and  stand¬ 
off.  Experimental  cratering  charges  Included  long  and  short  charges, 
euid  charges  of  different  weights  and  cross-section  configuration. 
Measurements  were  recorded  of  the  dimensions  of  the  shaped-charge 
holes  and  the  cleaned  craters. 

Experiments  Included  I89  shaped-charge  tests  and  100  cratering 
teste. 


The  report  concludes: 

a.  The  incorporation  of  linear-shaped  charge  capability  in 
cratering-charge  configuration  has  negligible  effect  upon  crater 
shape  and  volume. 

b.  Due  to  waste  of  energy  near  soil  surface,  the  cratering 
efficiency  of  long  cratering  charges  (i.  e.,  charges  whose  length  is 
greater  than  one -half  the  bore-hole  depth)  is  inferior  to  that  of 
shorter  charges. 

c.  Small  shaped  and  cratering  charges  in  a  two -stage  system, 
as  described  within  the  text  and  weighing  less  than  1  pound  gross, 
can  be  effectively  used  to  assist  in  excavating  a  foxhole. 

d.  Paste  explosive  (modified  Composition  C-4)  is  applicable 
for  expedient  shaped  charges  because  of  its  ease  of  loedlng;  how¬ 
ever,  its  performance  is  inferior  to  that  of  hand-loaded  Composition 

C-U. 


e.  The  scope  of  the  tests  performed  provides  the  basis  for 
future  investigation  of  30-  and  90-degree  shaped  charge  liners  and 
cratering  charge  characteristics,  configuration,  and  method  of 
placement . 
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PHASE  II  OF  COMBAT  EXCAVATION  TESTS  OF 
CRATERING  WITH  EXPLOSIVES 


I.  INTRODUCTION 

1.  Subject.  This  report  covers  the  second  phase  of  a  test 
program  to  determine  feasibility  of  cratering  for  combat  excavations 
with  explosive  charges  placed  below  grovuad  surface  in  holes  formed 
by  shaped  charges. 

2.  Background  and  Previous  Investigation.  Initial  work  on 
this  subject  was  conducted  during  195S-59«  The  report  covering  the 
work^  concluded  that: 

a.  A  2-pound  shaped  charge  used  in  conjunction  with 
a  1'1-pound  cratering  charge  can  form  a  foxhole  h  feet  deep 
by  3  to  5  feet  wide  in  most  soils. 

b.  The  indicated  requirements  for  the  2 -pound  shaped 
charge  are  a  70-degree,  l/8-inch-thick,  3^- inch-diameter, 
copper  conical  liner  and  2  pounds  of  explosive. 

c.  The  indicated  configuration  of  the  l^-pound  cra¬ 
tering  charge  is  a  regular  cylinder,  2  Inches  in  diameter 
and  9  inches  in  length. 

d.  The  gross  wei^t  of  the  two  charges,  including 
packEiglng,  is  about  4  pounds. 

e.  Subseqvient  investigation  should  Include  more 
testing  of  shaped -charge  st&uidoff,  cone  angle,  and  explo¬ 
sive  loaded  height  above  cone  apex. 

f.  The  use  of  long,  small -diameter  cratering  cheirges 
in  preference  to  the  short,  larger -diameter  cratering  charge 
warrants  further  investigation  since  the  longer  charge 
appears  to  give  better  foxhole  configuration. 


1.  E.  P.  Leland,  Combat  Excavation  by  Cratering  with  Explosives, 
Report  1619-TR  (Port  Belvoir,  Va.:  U.  S.  Ar^y  Engineer  Research 
and  Development  Laboratories,  I8  March  i960). 
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II.  INVESTIGATION 

3‘  Description  of  Ctorges.  Shaped  charges  for  making  the 
Initial  holes  In  the  grovind  and  "cratering  charges  for  detonation  In 
these  holes  were  used  In  this  Investigation. 

a.  Shaped  Charges.  The  term  "shaped  charge"  signifies 
an  explosive  charge  In  which  the  explosive  Is  shaped  In  such  a  man¬ 
ner  as  to  produce  a  desired  effect  not  otherwise  available.  The  ex¬ 
plosive  Is  shaped  about  a  cavity  In  the  charge.  The  effect  produced 
by  charges  with  cavities  Is  known  as  the  "Munroe  effect"  after 
C  arles  E.  Mimroe,  who  announced  In  1888  that  he  had  discovered  the 
vi’fect  with  hollowed  charges.  The  cavity  may  be  conical,  hemispher¬ 
ical,  bell  shaped,  and  the  like.  The  addition  to  the  cavity  of  a 
thin  liner  of  material  such  as  steel,  copper,  aluminum,  or  glass  re¬ 
sults  in  an  Increase  In  this  effect.  The  existence  of  the  lined 
cavity  causes  a  concentration  of  the  explosive  forces  when  the 
charge  is  detonated,  resulting  in  the  formation  of  an  extremely  high 
velocity  Jet.  This  Jet,  which  moves  in  a  direction  away  from  the 
cavity.  Is  capable  of  perforating  or  penetrating  deeply  into  many 
materials,  including  concrete  and  metals.  The  usual  configuration 
of  a  shaped  charge  is  cylindrical,  although  the  explosive  may  be 
tapered  at  the  end  of  the  charge  away  from  the  cavity. 

Shaped  charges  Inclvided  in  these  tests  consisted  of 
experimental  charges  and  two  commercially  available  charges. 

The  experimental  charger,  were  of  uneven  quality. 
Copper  conical  liners  were  formed  as  described  and  shown  in  para¬ 
graph  Sa  of  Report  I619-TR,  except  for  nine  quality,  spvin-formed 
liners.  Aluminum  cones  were  machined  from  606I  bar  stock  and  subse¬ 
quently  annealed.  Lead  Euid  eutectic  lead  cones  were  cast.  Eutectic 
lead-antimony  cones  contained  88.8  percent  lead  and  11.2  percent 
antimony.  Eutectic  lead-tin  cones  contained  6I.9  percent  lead  and 
38.1  percent  tin.  The  experimental  charges  were  loaded  with  either 
Con^Kjsition  C-U  or  a  paste  explosive  as  shown  in  Fig.  1.  The 
charges  were  loaded  to  a  specified  point  above  the  cone  apex  and 
leveled  off.  A  cross -sectional  view  of  a  hauid-tamped  experimental 
shaped  charge  is  shown  in  Fig.  2.  In  some  Instances,  a  1^-gram  PETN 
booster  was  incorporated  at  the  top  center  above  the  cone  apex. 

The  paste  explosive  used  In  these  tests  Is  composed 
principally  of  RDX.  It  Is  formed  by  modifying  Composition  C-4  by 
addition  of  DNT  (dlnitrotoluene)  and  MNT  (mononltrotolxxene)  oils  and 
Shell  40  Thinner.  The  composition  of  paste  explosive  is  as  follows: 
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Fig.  1.  Hand  tamping  of  Composition  C-4  (top)  and  paste  explo¬ 
sive  (bottom)  into  experimental  shaped  charge. 


Total  charge  height 


4 


casing  or  container  diameter 


Fig,  2.  Cross  section  of  hand-tamped  experimental  shaped 
charges . 


Inggredlent 


Percentage  of 
Paste  Explosive 


BDX 

76.44 

DNT 

4.89 

MNT 

3.26 

Shell  40  Thinner 

7.85 

C-4  Plasticizer  (Poly Isobutylene, 

1.74  percent;  Motor  Oil,  I.36 
percent;  and  di-(2-ethylhej^l) 
sebacate,  4.46  percent) 

7.56 

The  x>a8t7  consistency  of  the  paste  explosive  made  It  suitable  for 
loading  the  In^rovlsed  charges.  The  x>aste  explosive  was  eaeler  to 
load  than  was  Composition  C-4.  The  l^-gram  boosters  were  Inserted 
Into  the  paste  explosive  Just  prior  to  detonation  since  the  oils  In 
the  explosive  tended  to  dissolve  the  booster  over  a  period  of  a  few 
hours.  The  paste  explosive  has  a  detonation  rate  of  approximately 
24,000  feet  per  second  and  Is  considerably  less  sensitive  and  some¬ 
what  less  powerful  than  Conposltlon  C-4. 

The  two  commercial  shaped  chsorges  were  obtained  from 
E.  I.  duPont  deNemours  and  Company.  They  were  the  34A  Jet  Perfora¬ 
tor  and  the  Jet  Tapper  ^Ich  are  \ised  for  perforating  oil  well  cas¬ 
ings  and  tapping  In  open  heeorbh  furnaces,  respectively.  The  34A  Jet 
Perforator  (Fig.  3)  is  a  2-inch -diameter,  plastic -csised  charge  con¬ 
taining  34  grams  of  BDX  and  a  60-degree,  1/32 -Inch -thick  copper 
liner  of  l-9/l6-lnch  diameter.  The  Jet  Tapper  (Pig.  4)  is  a  2-lnch- 
dlameter,  plastic -cased  charge  containing  63. 15  grams  of  KDX  and  an 
80-degree,  l/32-inch -thick  copper  liner  of  1-3/4-inch  diameter. 

b.  Cratering  Charges.  The  cratering  charges  used  In 
these  tests  were  hand-tamped  loaded  with  Composition  C-4.  Three 
methods  of  packaging  the  cratering  charges  were  employed:  (l)  Paper 
tubes  (Fig.  3)  for  small  diameter  (7/8  Inch  or  less),  ll^twelgd^t 
(1/2  povmd  or  less)  charges,  (2)  aluminum  tubing  for  long  (over  24 
inches)  charges,  and  (3)  21-gage  sheet  metal  for  the  non-cylindrical 
charges  (Fig.  6).  Ch6ir£;es  ranging  from  0.I3  pound  to  2.0  pomds 
were  packaged  In  containers  with  diameters  varying  from  l/2  to 
Inch  and  lengths  varying  from  8-5/8  to  37  inches.  The  non-cylindri¬ 
cal  charges  (Figs.  6  and  7)  were  linear  shaped.  Tests  were  made  of 
four  designs:  Type  A,  circTolar  cross  section  for  evsLiuatlon  compar¬ 
ison;  Type  B,  vee-notched  rectangular  section;  Type  C,  eight- 
pointed  steu:;  and  Type  D,  Maltese  Cross.  The  purpose  of  these  de¬ 
signs  was  to  determine  whether  the  linear  shaped  charge  configura¬ 
tion  wo\ald  result  In  an  increase  in  cratering  efficiency,  over  a 
cylindrical  configuration  charge.  The  fovir  designs  include  small 
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and  large  linear  charge  angles  plus  small  and  large  angle  sides 
(Fig.  7)  and  were  considered  to  cover  an  adequate  range  of  shapes 
for  proper  evaluation. 

Test  Piocedure  and  Results.  Testing  was  performed  on 
Ranges  1  and  3  the  Demolition  Test  Area,  Engineer  Proving  Ground. 
Both  soils  are  a  lean  sandy  clay  ('^rpe  CL)  with  a  density  of  103 
pounds  per  cubic  foot  to  the  12>lnch  depth  and  II3  poxmds  per  cubic 
foot  from  1-  to  4-foot  depth  (Appendix  B) . 

a.  Shapt;d  Charges.  After  the  desired  standoff  (meastnred 
In  calibers,  1.  e.,  hel^t  above  ground  divided  by  cone  diameter) 
was  selected,  the  shaped  chaurge  was  adjusted  for  this  standoff  by 
means  of  three  steel  or  wooden  dowels  (Fig.  8).  The  J-2  special, 
electric  blasting  cap  was  used  eis  the  Initiator  for  all  shaped 
charges.  The  es^rlmental  charges  without  boosteirs  were  primed  with 
two  caps.  An  unassenibled  experimental  shaped  chaise  Including  the 
paste  ej^loslve,  booster,  and  blasting  cap  Is  shown  In  Fig.  9*  The 
method  of  priming  an  experimental  shaped  chsurge  loaded  with  Composi¬ 
tion  C-4  Is  shown  In  Fig.  10.  The  typical  firing  settg)  of  the  Jet 
Tapper  Is  shown  In  Fig.  11. 

After  the  charge  was  fired,  each  liole  was  measured 
for  clean  dimensions.  The  measurmnents  were  made  with  measuring 
tapes  and  with  clircular  metal  disks.  The  disks  were  lowered  into 
the  holes  to  the  maxi  mim  depth  which  the  varloiu  diameters  of  the 
disks  would  permit.  In  addition,  a  small-diameter  rod  was  pushed 
into  the  bottom  of  the  hole  throu^  the  sloughed-ln  soil  to  measure 
total  depth. 


The  experimental-charge  tests  consisted  of  flz'lng 
charges  Incorporating  variations  In  eiqploslve  type,  cone  angle,  cone 
thickness,  cone  mater  led,  cone  diameter,  standoff,  and  explosive - 
loaded-height  above  cone  apex.  A  summary  of  all  shaped -charge  fir¬ 
ings  Is  contained  In  Table  I.  The  table  gives  data  on  the  charge 
itself  plus  dimensions  of  the  resulting  hole.  The  last  four  columns 
refer  to  hole  dimensions.  The  usable  depth  Is  the  depth  to  the 
sloughed-ln  spoil,  providing  the  diameter  Is  1  inch  mlnlmun  for  the 
experimental  charges  and  1/2  inch  minimum  for  the  commercial  stoci 
charges.  The  usable  diameter  Is  the  minimum  diameter  occurring  at 
or  above  the  usable  depth.  The  total  depth  Is  the  depth  to  the  bot¬ 
tom  of  the  hole  throu^  the  slou^^ed-ln  spoil.  The  surfeue  diameter 
Is  the  maximum  diameter  of  the  disturbed  soil.  The  maxi  mm  diameter 
usually  occiirs  for  a  depth  of  1  Inch  or  less.  The  diameters  at 
depths  of  about  2  inches  are  usually  less  than  one-third  the  surface 
diameters.  Figure  12  Illustrates  the  dimensioning  procedure. 
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Fig.  9*  Experimental  shaped  charge  prior  to  assembly. 


Table  I.  Shaped-Charge  Firings 
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TabUe  1  .ileDcarSbec  til's  dharge-E  as  'Sagja^eE.seS  isi  tarnir 
05“  cone  angle  and  tusteardal^  ;ccne  diamelier-  'OOErtiainer  diaaEetesrj  ex— 
ploclre  expl.aEiTre-d.iaadea-lae-i.'ght  atere  -sene  apex^  an9 

Etandoff.. 

'ffilae  imiiiabei’  of  ‘Liie  eiiapgss  Ie  not  a  ciiidHiol.'ogj.csi. 
lletdisg  ol'  I’dringE  tout  rather  a  grouping  os'  tne  citargeE  'by  tjpes- 
A  typiealL  profllLe  of  ttoe  re£.uiting  &at3.BfaotDr7  tooie  froa  a  rtoaped- 
.otoarge  ifirltog  Sj;  Eihown  in  Fig-  12-  Hue  toolei;  forned  toy  ±toe  toand- 
tan^iBa  .stoaped  (Cdtaasse®  'wsne  fgeoeraljLy  in'agniecr;  e-  g--  tone  tooneE 
were  tciBoal-ly  eiMjptieai  itattoer  ifitoaB  eiarcnaiar-  to^'pieal  surface  rosp- 
ture  ;aB  formed  toy  ihiie  ezparinffiaiiltal  Edtarges  aaad  tiie  <Jet  Iltopper  -are 
ihtoowm  in  Fig-  1.3- 

'ESaas^es  1®!]>-2S9  ades-igrueS.  ibo  Seiffirmiite  t^Sietiier  a 

"ttoin^  itsw— derrBitty  pllascte  ((lefiratocBardl  piaced  'aercuES  ttoe  iase  or  ttoe 
cone  wouid  ansrJjsdly  affect  iStoKped-ctoscrge  perfomianoe-  Wve  purpaae 
of  'ttoSBe  f irtliTHgE  was  "to  ideteirin ane  s^heti/her  a  cylindricalL 

'Container  'OonM  'toe  laned  to  •prooide  .Btandoff  .aE  well  as  ng  fo- 

the  charjge- 

to-  Crstesring  'Eghaiges-  Dne  hundred  'craterir^  cdsarge® 
were  employed-  'Hhe  'chas^erB  were  pHa-ced  witihis  toora  'too'^l■■'=^^=!  ijpUot 
holeB')  to  'deEired  idepths-  iMsiBy  of  the  tohsped— charge  holeB  were 
BTiitstols  fiKT  ttBE  ac  pHlot  holes  for  the  cratering  chaigeE-  lb  pro- 
Tide  rsplacements  for  holeE  vrhidh  were  not  nasablej,  two  itypeE  of 
■drills  were  enplaysd-  >Qne  of  the  drills  ;(Fig.  ll|  was  a  hand-type 
'drall  'capaible  of  idrilling  holeE  of  2— iacto  diameter-  Hue  other  3ri!'^ll 
|Fig-  I5I  was  am  'Slectric  type  enploying  •a  3/^tnp'h-.a-!j  ■rKnpt^T  -c.toipv- 
■snger  toit  ((Fig-  I6'.)-  'CSaargeE  were  placed  at  different  specific 
depShc  for  full  ewaluatiDn-  In  some  inEtanceE,  the  charges  were 
tanped  toy  filling  the  toore  hole  atoo-re  the  charge  with  ccmpacted  soil. 
One  .JT-tS  speciLai  ‘electric  tolasting  cup,  eaibedded  within-  the  upper  end 
■of  the  cratering  charge,  was  used  as  the  initiator  (Fig-  I?'). 

After  the  cra’l crilng  -charge  was  detonated,  each  hole 
was  cleaned  of  fall  loosenenl  Tsaterial  and  dimensians  of  the  vclecned 
hole  were  Tneasuc^ed-  A  rammarj'  of  all  -cmtering-charrn-;  firings  ia 
containeO,  in  "TaPole  11-  -Ihe  ta-tle  provides  the  following  descrlptlvfr 
data  for  -ec.'ch  -ehergeo  weight,  ddnTiuln:-',  length,  and  ■dept';-  1-elcv 
ground  surfaoe  to  center  .of  ,gi-awity.  ’J'he  cleaned  crater  drmensiDnu 
are  recorded  as  follows:  crater  diaiue'ter  at.  the  groujjd  i- erf  are ,, 
nusximun'  crater  dep'lh,  and  diameter  of  tootton  liowl.  Vheths  r  or  not  a 
'partial  camau.flet.  was  formed  is  also  .noted, 

A  Qomwenient  Tnc-iii'id  Cii'  evaluating  the  crate-r  ar  a  oce- 
luan  forhole  u.s  sl’icrwn  in  the  'V'’clc:ie'rstoiiity-‘ajig.le  column,  Tno 
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Profile  of  typical  shaped -ciiarge  hole. 


Fig.  15*  Augering  laore  holes  with  electric  drill 
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06566 

Pig.  l6.  Ship-auger  bit. 


vulnerability  angle  is  the  vertical  angle  between  a  point  18  Inches 
above  the  bottom  of  the  crater  to  opposite  points  at  the  top  edges 
of  the  crater  (Fig.  l8).  The  average  man  can  crouch  to  a  height  of 
about  36  inches.  The  average  radiation  vulnerability  heicpit  was 
selected  to  be  one-half  the  total  hei^t  or  I8  Inches.  In  some  in¬ 
stances,  because  of  the  narrowness  of  the  bottom  bowl,  the  vulnera¬ 
bility  angle  gives  a  false  reading  when  the  man  is  unable  to  crouch. 

The  typical  siurface  rupture  caused  by  a  llc^twei^t 
cratering  charge  and  the  resulting  cleaned  crater  are  shown  in  Figs. 
19  and  20,  respectively. 

The  firings  of  the  lightweight,  small -diameter 
charges  (1-46)  were  designed  to  determine  the  optimum  charge  config¬ 
uration  to  be  employed  with  a  small  shaped  charge  such  as  the  Jet 
Tapper.  The  tests  with  the  long  charges  (47-64)  were  designed  to 
determine  whether  this  configuration  is  suitable  for  cratering. 

As  part  of  the  above  testing,  the  small  charges  were 
also  used  in  multiple.  These  were  designed  to  determine  whether  a 
better  crt^ter  could  be  formed  by  this  method  in  comparison  with  a 
larger  single  charge.  These  were  charges  28-340,  36-36D,  and  42-420. 


Table  II.  Craterlng-Charge  Firings 
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Pig.  18.  Angle  of  vulnerability. 
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III.  DISCUSSION 

5.  Examination  of 'Test  Methods.  A  review  of  the  test  methods 
Indicates  they  were  adequate,  wfthln  the  scope,  for  evaluation  of 
the  sequential  use  of  two  charges  for  cratering.  However,  the  scope 
was  restricted  within  certain  limits.  Additional  work  which  may  be 
conducted  In  the  future  will  provide  precise  Information  as  to  the 
value  of  tamping  the  cratering  charges,  shaped -charge  cone  angle, 
explosive  types,  and  craterli^  chsurge  configuration. 

The  eiqperlmental  shaped  charges  were  not  optimum  because 
of  Inconsistent  performance  due  to  cone  quality  and  explosive  load¬ 
ing  variations.  However,  for  the  conparatlve  evcduatlons  Involved, 
optimum  shaped  charge  performance  was  not  deemed  necessary. 

All  cratering  charges  were  Initiated  from  the  top  for 
safety  and  simplicity.  No  evaluation  of  top  versiis  bottom  Initia¬ 
tion  was  vmdertaken.  The  necessity  of  providing  additional  fusing 
length  or  arming  the  charge  before  It  Is  placed  obviates  the  engploy- 
ment  of  bottom  initiation.  An  explosive  device  to  be  operated  by  a 
nondemolltlon-trained  soldier  should  not  require  extensive  handling 
after  It  Is  armed.  In  eddltion,  the  maximum  reduction  of  bulk  re¬ 
quires  that  time  fusing  be  no  longer  them  that  required  for  safety. 

The  inherent  heterogeneousness  of  soil  makes  it  difficult 
to  evaluate  explosive  effects.  Tamping,  1.  e.,  compacting  the  soil 
backfill  above  the  cratering  cheurge,  was  evaluated,  but  the  number 
of  tamping  tests  was  not  sufficient  upon  \Ailch  to  base  a  conclusion. 
Tamping  should  be  evaluated  further  In  future  tests. 

No  attempt  was  made  during  these  tests  to  develop  a  firing 
system  for  the  charges. 

6.  Analysis  of  Test  Results. 

a.  Shaped  Charges.  For  the  formation  of  pilot  holes  for 
cratering  charges,  the  shapel^  charge  which  forms  a  wlder-dlameter 
hole  at  a  specified  depth  Is  more  valuable  than  one  which  forms  a 
deex>er  hole  overall  but  which  Is  narrower  at  the  same  depth.  From 
this  basis,  a  larger  cone  angle,  say  60  to  9^  degrees.  Is  more  ad¬ 
vantageous  since  It  will  cut  a  wider  thouc^  shorter  hole  than  will 
a  smaller  cone  angle,  say  20  to  ^0  degrees,  other  things  being  equal. 

Table  III  contains  cm  analysis  of  the  shaped-charge 
firings .  The  mean  results  have  been  determined  according  to  type  of 
charge  and  standoff  and  also  for  exploslve-loaded-hei^t  variation 
of  the  experimental  charges.  The  9OC  charges  (l-l^)  gave  performance 
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indicating  that  both  low  standoff  and  the  lowest  explosive -loaded- 
height  are  best.  Note  that  case  diameter  exceeded  cone  diameter  by 
1/2  Inch.  The  70C  charges  (I6-30)  contained  cooparable  e3q>l08ive 
amounts  even  thou^  the  container  diameter  was  1/^  inch  less  than 
the  90c  charge.  Again,  however,  the  lowest  ejqploslve-lOAded-heigh't 
and  low  standoff  were  the  best  performers.  For  these  charges,  a 
standoff  of  1.25  calibers  and  an  explosive -loaded-height  of  3/^  inch 
above  cone  apex  appears  to  be  optimum  among  those  tested. 

The  70c  chargees  (31-^)  and  the  9OC  dunrges  (49-66) 
show  an  optimum  standoff  of  2  to  2.5O  calibers  and  an  optimum  explo- 
slve-loaded-hei^t  of  1  to  1.25  inches  above  cone  apex.  The  overadl 
performance  is  inferior  to  that  of  charges  I-30  which  correlates 
with  smaller  cone  diameter. 

The  results  of  tins  JOk  charges  Indicate  that  a  stand¬ 
off  of  approximately  7  calibers  Is  optimum.  Less  than  6  calibers  Is 
unsatisfactory.  Six  calibers  Is  equal  to  24  inches  total  which 
makes  the  charge  have  a  hl^  center  of  gravity  and  be  unstable  under 
wind  loading  If  not  fastened.  Alumlnm  cones  do  not  appear  desira¬ 
ble  for  boring  soil. 

Examination  of  the  results  of  the  Irad  and  eutectic 
lead  charges  shows  poor  and  erratic  performance.  Apparently,  about 
6  ca^-lbers  Is  the  best  standoff  (Table  l)  and  the  eutectic  lead  tin 
cones  appear  to  be  the  best. 

Chargees  94-1^3  show  the  Inferiority  of  performance  of 
paste  explosive  vs  Ckmaposltlon  C-4  (Table  IV).  Sven  thougfh  the 
paste  is  easier  to  load  than  Composition  C-4,  Its  lover  detonation 
rate  makes  It  a  second  choice.  Also,  the  paste  was  not  of  uniform 
density  thro\;i^iout,^  thereby  causing  p  reduction  In  performance  of 
the  shaped  charge. 

The  optimum  exploslve-loaded-hel^t  above  cone  apex 
for  charges  94-153  varied  some^diat  from  charge  type  to  charge  type 
(Table  III).  Generally  speaking,  the  5/8-  to  3/4-lnch  hei^t  gave 
as  good  or  better  performance  than  the  7/8-  to  13/l6«inch  heights 
Indicating  as  before  (Report  I619-TR)  that  a  major  bulldi;^)  of  explo¬ 
sive  above  cone  apex  is  undesirable. 

The  variable  standoff  data  for  charges  94-153  is  In¬ 
conclusive.  For  the  rangje  shown,  2  to  3.33  calibers,  the  average 

"2,  J.  A.  liennls,  IroTOV^ed  Sliaped  Charges  with  Paste  Explosive 
Filler,  Report I.7I0-TR  (Fort  Belvoir7  Va.:  tJ.  S.  Amy  Sagineer 
Research  and  Development  Laboratories,  I9  March  I962). 


Table  IV.  Coii^>arl80ii  of  C-4  and  Paste  Explosives 


Shaped-Charge  Parameters 

Mean  of  Results 

Charge 

Type 

Quantity 

of 

Charges 

Type 

of 

Explosive 

Total 

Depth 

(mj 

Usable 

Diameter 

(in.) 

Usable 

Depth 

(in.) 

70Ct 

6 

C-4 

42 

3-3A 

28-1/2 

tl 

6 

Paste 

38-1/2 

5-3/4 

18 

70Ctl 

6 

C-h 

57-1/2 

4-1/2 

37 

ft 

6 

Paste 

50-1/2 

4-1/2 

29-1/2 

70Ct2 

6 

C-4 

54-1/2 

3-3/8 

40 

ft 

6 

Paste 

51-1/2 

3 

35 

70Ct3 

6 

C-4 

51 

3-1/4 

25-1/2 

n 

6 

Paste 

4l 

2-1/2 

26-1/2 

80Ct3 

9 

C-4 

45 

2-1/2 

32 

1 

Paste 

36 

2-1/2 

22 

performance  Is  about  the  same  for  all  calibers,  making  It  apparent 
that  2  calibers  vUl  be  adequate  for  the  shaped-charge  configuration 
shown. 


A  conqtarlson  of  the  variation  In  copper-liner  thick¬ 
ness  Is  contained  In  Table  V.  The  charges  are  grouped  In  three 
breakdowns  according  to  the  type  of  explosive.  EEu:h  of  the  three 
breakdowns  show  that  the  70Ct2  (l/8  Inch  thick)  gave  the  best  per¬ 
formance  although  the  difference  In  performance  over  the  JOCtl 
(3/32  Inch  thick)  wais  not  iimense.  Actually,  the  70Ctl  gave  a 
greater  total  depth  and  usable  diameter  but  was  Inferior  In  the  Im¬ 
portant  criterion  of  usable  depth.  The  surprising  resilt  Is  that 
the  80Ct3  V8U3  superior  to  the  JOCt^  In  usable  depth,  althou^  It  waus 
Inferior  otherwise.  The  breakdown  Into  each  explosive  type  showed 
slmllaurlty  except  for  the  performance  reversal  of  the  70Ct3  and 
80Ct3  liners. 


The  results  of  the  tests  with  qiJality  copper  cones 
(1^2-160)  (Table  III)  and  with  only  explosive -loaded -heigpit  above 
apex  varying  are  Inconclusive.  Apparently,  the  variation  In  shaped 
charge  performeuice  due  to  hand-loading  of  the  e3q)loslve  Is  suffi¬ 
cient  to  prevent  obtaining  conclusive  data  from  the  few  tests 
conducted. 


Table  V.  Coo^jaxison  of  Cone  Thickness  Variation 


Shaped-dharge  Parameters 

Mean  of  Results 

Charge 

Type 

Cone 

Thickness 

(in.) 

Quantity 

of 

Charges 

Type 

of 

E3q>losive 

Total 

Depth 

Usable 

Diameter 

(in.) 

Usable 

Depth 

(in.) 

70Ct 

1/16 

12 

Both 

Uo-1/4 

11-3A 

23-1/4 

TOCtl 

3/32 

12 

M 

54 

4-1/2 

33-1/4 

70Ct2 

1/8 

12 

tl 

53 

3-1/4 

37-1/2 

70Ct3 

3/16 

12 

ft 

46' 

3 

26 

80Ct3 

3/16 

10 

It 

44 

2-1/2 

31 

70Ct 

1/16 

6 

C-4 

42 

3-3/4 

28-1/2 

70Ctl 

3/32 

6 

tl 

57-1/2 

4-1/2 

37 

70Ct2 

1/8 

6 

n 

54-1/2 

3-3/8 

4o 

70Ct3 

3/16 

6 

It 

51 

3-1/4 

25-1/2 

80Ct3 

3/16 

9 

II 

45 

2-1/2 

32 

70Ct 

1/16 

6 

Paste 

38-1/2 

5-3/4 

18 

70Ctl 

3/^ 

6 

11 

50-1/2 

4-1/2 

29-1/2 

70Ct2 

1/8 

6 

ft 

51-1/2 

3 

35 

70Ct3 

3/16 

6 

11 

41 

2-1/2 

26-1/2 

80Ct3 

3/16 

1 

11 

36 

2-1/2 

22 

The  Jet  Tapper  gave  consistent  results  with  standoffs 
varying  from  2  to  3  calibers  Indicating  eigaln  that  2  calibers  Is 
sufficient  for  laxge -angled  copper  liners. 

The  Jet  Perforator  tests  show  that  a  thin,  low- 
density  plate  negligibly  affects  the  fozmatlon  and  performance  of  a 
shaped-charge  Jet. 

b.  Cratering  Charges.  Proper  en^)loyment  of  cratering 
chargee  necessitates  placement  at  optimum  depth  to  obtain  maximum 
volume  of  soil  loosened.  The  optimum  depth  is  that  depth  at  which 
the  charge  is  Just  beginning  to  form  a  camouflet.  At  this  depth,  a 
balance  seems  to  occur  between  the  tendency  of  the  explosive  to 
either  compress  the  soil  horizontally  and  downward  or  heave  it  up¬ 
ward.  Determination  of  the  optimum  depth  of  placement  in  the  test 
soil  was  accomplished  by  plotting  charge  depth  versus  Composition 
C-U  charge  weight  in  Fig.  21.  The  excessively  deep  charges  and  the 
shsJ-low  charges  are  identified  separately  with  a  best-fit  curve 
drawn  between  the  two  groups.  Althou^  this  curve  covers  a  smaller 
range  of  charge  weights,  it  is  very  similar  to  the  curve  plotted  in 


kh 


40 


20 


10 


Fig.  21.  Optimvim  depth  of  placement  for  various  weights  of 
Composition  C-4  charges. 


Depth  to  Center  of  Gravity  (in. 


Report  1619“TR.  This  leauls  to  a  reiteration  of  the  conclusion  drawn 
in  Report  l6l9-ni  that,  for  the  test  soil,  the  optimum  depth  varies 
at  the  rate  of  3  inches  per  0.25  pound  of  eaqplosive  in  the  range  of 
1/2  to  3  pounds. 


Analysis  of  the  tamped  charges  versus  the  untamped 
charges  indicates  an  advanteige  for  the  tanked  charge.  In  some  in¬ 
stances,  no  difference  was  observed  between  tamped  and  untamped 
charges  at  similar  depths.  A  few  tanped  examples  did  show  superior 
cratering  ability  and  are  cited  in  Table  VI.  In  some  instances 
(e.  g.,  charges  63  vs  64  and  52  vs  55) >  the  tamped  charge  actually 
gave  inferior  performance.  Apparently,  a  larger  amount  of  testing 
is  needed  to  fully  evaluate  the  increased  crater  volume  obtained 
from  a  tanped  charge. 

Table  VI.  Tanped  Versus  Untaoped  Cratering  Charges 


Tamped 

Charge 

iNo.1 

Untanped 

Charge 

(No.) 

Charge 

Weight 

(Ib) 

Advantage  for  Taoped  Charge 

5 

4 

0.33 

Greater  crater  width  at  charge  depth 

6 

10 

0.33 

Greater  volume 

11-12 

10 

0.33 

Volume  exceeded  that  expected  from  greater 
firing  depth 

17 

7 

0.25 

Greater  volume 

Analysis  of  the  craters  resulting  from  the  small 
charges  (1-27 )  shows  interesting  results.  A  cratering  charge  of 
Conposition  C-4  used  in  conjunction  with  the  Jet  Tapper  shaped 
charge  to  form  a  foiihole  apparently  should  be  5/8-inch  outside  diam¬ 
eter  and  wei^  in  the  range  of  O.25  to  0.33  po\and.  Examination  of 
the  shaped-charge  data  shows  minimum  usable  diameter  of  7/8  inch.  A 
cratering  charge  can  be  pushed  into  the  hole  beyond  this  usable 
depth  but  the  diameter  grows  smaller.  When  the  charge  is  pushed 
down,  the  bottom  of  the  charge  can  approach  the  maximum  depth  of  the 
shaped-charge  hole,  27  Inches.  A  foxhole  lip  diameter  in  excess  of 
30  Inches  is  vmdeslrable.  look  at  the  0.33*‘Ponnd  craters  shows 
that  the  lip  diameter  consistently  runs  36  inches  or  larger  regard¬ 
less  of  the  depth  of  placement  (maximum  of  24  Inches  to  bottom  of 
charge).  The  0.2 5 -pound  craters  have  lip  diameters  ranging  from  32 
to  over  40  Inches.  However,  charge  2  shows  only  32-inch  lip  diame¬ 
ter,  and  its  depth  to  bottom  of  charge  is  only  22  inches.  The  re¬ 
maining  0.2 5 -pound  charges  have  lesser  charge  depths,  except  for 
Charge  9  which  would  cause  gi^ater  lip  diameters.  Depth  to  center 


of  gravity  for  one  charge  weight  and  hole  depth  can  be  increased 
only  by  reducing  charge  height  which  also  requires  an  increase  in 
charge  diameter.  An  increase  in  charge  diameter  to  7/8  inch  might 
be  suitable  although  the  major  advantage  would  be  to  lower  the  cen¬ 
ter  of  gravity  by  allowing  the  charge  to  be  shorter.  An  increase  in 
charge  wel^t  beyond  0.25  pound  does  not  seem  advantageous  because 
of  the  increasing  lip  diaoeter.  The  test  site  was  clear  cf  vegeta¬ 
tion-  A  soil  with  vegetation  would  show  smal  1  er-diameter  craters 
than  did  the  cleared  soil. 

Results  of  the  oise  of  multiple  charges  (28-3^,  38, 
k2)  for  fozming  foxholes  indicated  that  doiiallng  and  tripling  the 
weig^  of  the  second  charge  over  the  initial  charge  (26-31)  is  ap¬ 
parently  not  sufficient.  Although  second  charge  did  increase 
the  initial  crater,  particularly  the  lower  portion,  the  overall 
width  in  the  lower  portion  is  dearly  Inadequate.  It  would  appear 
that  doubling  the  depth  of  an  existing  crater  by  placing  a  charge 
below  the  Initial  crater  bottom,  while  £.-:so  forming  a  30-inch  mini¬ 
mum  width,  will  require  a  charge  at  least  five  times  as  large  and 
possibly  ten  times  as  large  as  the  initial  charge.  Assuming  0.15 
pound  as  adequate  for  the  Initial  charge,  a  total  of  I.65  pound 
might  be  required.  It  is  also  possible  that  a  large  secozdary 
charge  mi^t  cause  an  Increase  in  crater  lip  diameter.  Also,  a 
much  larger  secondary  charge  would  require  a  larger  pilot  hole  as 
far  as  diameter  is  concerned.  This  would  involve  a  shaped  charge 
somewhat  larger  than  the  Jet  Tapper,  probably  a  char^  of  similar 
configuration  but  1  inch  greater  cone  diameter. 

Charge  3^  is  an  exanple  of  multiple  secondary  charts. 
Although  the  bottom  width  overall  was  adequate,  the  overall  depth 
was  inadequate.  The  bottom  3  inches  consisted  of  three  potholes 
separated  by  ledges.  Either  more  or  larger  secondary  charges  are 
necessary  when  en^loyed  in  this  manner.  For  charges  38-38D,  the 
secondary  charges  were  increased  by  one  over  charge  3^  and  doubled 
in  weight.  With  charges  38-38D,  excessive  lip  diameter  occurred, 
again  with  Inadequate  depth.  Also,  the  potholes  were  still  form^ 
with  ledges  between.  Charges  h2-h2C  show  how  smaller  weight  charges 
can  be  placed  close  tog^Uier  to  improve  'upon  a  single  charge.  How¬ 
ever,  four  shaped  charges  would  be  needed  'to  form  'the  individual 
pilot  holes.  Possibly,  a  single  shaped  charge  would  permit  a  larger 
cratering  charge  at  a  greater  dep'th  thereby  providing  overall  better 
configuration  for  equal  explosive  wei^t. 

Examination  of  charges  47-64  shows  that  the  charges 
are  too  long  for  the  depth  of  placement  since  the  lip  diameters  are 
quite  largi- .  Even  thou^  camouflets  were  prevented  because  the  top 
of  the  charge  was  so  near  the  suirface,  better  crater  configuration 
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coiild  be  obtained  by  lovering  the  center  of  gravity  of  the  charge 
without  ng  the  depth  to  its  bottom.  As  en^loyed,  a  consider¬ 

able  portion  of  the  e^qploslve  in  the  i^per  section  of  the  charge  is 
wasted  in  expanding  the  lip  diameter.  In  addition,  with  the  explo¬ 
sive  spread  over  a  long  length,  the  ability  to  make  a  vide  crater  at 
charge  depth  is  reduced.  Except  for  the  extra  work  involved  in  pro¬ 
viding  a  larger-diameter  pilot  hole,  the  shorter  charge  is  stiperior 
to  the  long  charge  for  forming  foxholes.  Con^>arlson  of  charges 
50-51  with  charges  65,  67-68,  70,  72-73,  75,  77-78,  80,  and  82-83 
which  have  equal  weights  and  equivalent  depths  to  bottom  of  charge 
shows  the  disadvantages  of  the  long  charge  even  thoiigh  occasionally 
the  short  charges  formed  camouflets.  The  difference  in  crater  vol¬ 
ume  is  obvious,  the  larger  bott(m  width  of  the  short  charge 
crater  is  partlcxilarly  advantageous. 

The  non-cyltndrical  cratering  charges  (65-84)  were 
evaluated  at  three  depths,  29,  30,  and  33  inches.  A  conparlson  of 
the  four  types  at  each  depth  shows  erratic  performance  resulting  in 
no  specific  advantage  for  any  one  type.  The  linear-shaped  charges 
created  by  the  irregular  configurations  apparently  have  only  a  minor 
negligible  effect,  if  any,  v^n  crater  configuration.  Obviously, 
the  critical  thing  is  the  general  configuration  of  charge  length  and 
diameter;  without  ma^or  variation  fixxa  this  configuration,  no 
changes  in  crater  dimensions  will  occur. 

Previous  testing  in  this  soil  had  led  to  the  conclu¬ 
sion  that  the  layered  condition  of  the  soil  caused  the  noticeable 
demarcation  between  the  soil  idilch  was  compressed  euround  and  below 
the  cratering  charge  and  the  soil  which  was  heaved  upward  by  the 
blast  forces.  It  would  appear,  however,  that  the  demarcation  line 
represents  purely  a  separation  between  compressive  and  tensile  fail¬ 
ure  in  the  soil  and  does  not  necessarily  indicate  the  plane  between 
two  distinct  soil  layers. 

It  would  appeeor  that  the  tensile  failure  loosens  a 
gjreater  voliane  of  soil  than  does  the  conpresslve  failure.  Uhfortu- 
nately,  from  a  foxhole  -forming  standpoint,  the  tensile  failure  ex¬ 
pands  horizontally  as  well  as  vertically,  thus  causing  excessive  lip 
diameter  in  relation  to  overall  desired  crater  width. 

Prom  an  eaqplosive-efficiency  standpoint,  the  greater 
the  volume  of  soil  loosened  the  better  the  esqplosive.  From  this 
viewpoint,  it  would  appeso:  that  charges  would  be  placed  so  that  com¬ 
pressive  fallxire  of  the  soil  would  be  minimal  and  tensile  failure 
would  be  maximum.  Since  a  fosdiole  with  vertical  wsOds  is  desired, 
it  is  obvious  that  compressive  failure  would  be  the  more  desirable 
type  of  failure. 
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When  additional  charges  are  detonated  below  a  pre¬ 
viously  formed  crater  (e.  g.,  charge  33A)^  the  soil  failure  is  al¬ 
most  entirely  compressive  even  thotigh  three  times  as  much  explosive 
was  employed.  Here,  apparently  the  energy  of  the  reflected  tensile 
wave  was  ins viffic lent  to  cause  breakoff  from  the  existing  crater 
surface.  Note  also  that  the  wave  pattern  from  the  explosion,  charge 
33A,  would  flow  ra^ally  along  the  crater  surface  above  the  charge 
thereby  reducing  the  tendency  to  form  a  reflected  wave  in  this  vl  - 
cinity.  The  interaction  of  the  con5)re8sive  wave  at  the  original 
ground  surface  occurs  at  such  a  distance  that  the  reflected  tensile 
stress  is  not  enough  to  caiise  breaki:^  of  the  soil  at  that  distance. 

7.  Evaluation  of  Cratering  Method.  The  application  of  the 
two-st£ige  system  for  cratering  foxholes  was  proved  feasible  in  the 
first  test  series  (Report  I619-TR) .  These  additional  tests  show 
that  smaller  shaped  charges  can  be  en^loyed  to  give  adequate  pilot 
hole  formation.  It  is  Indicated  that  a  quality  shaped  charge  with 
an  80-degree  (possibly  90-degree),  3^-liicli-diameter,  copper,  conical 
liner  mi^t  be  siiitable  for  placl^  a  1^-pound  cratering  charge  at 
36  inches  to  center  of  gravity.  The  conclusion  drawn  in  Report 
1619-TR  concerning  the  use  of  a  70-degree  cone  is  still  valid  pend¬ 
ing  further  testing  of  80-  and  90-degree  liners. 

The  use  of  small  shaped  and  cratering  charges  to  assist  in 
excavating  a  fosdiole  is  feasible.  A  total  of  O.3O  pound  net  explo¬ 
sive  can  provide  a  ciater  30  inches  in  diameter  and  27  inches  deep 
in  hard  soils.  The  Jet  Tapper  is  capable  of  providing  20-inch -deep 
clear  holes  in  a  tough  soil.  However,  a  rigid  cratering  charge  of 
small  diameter  (^/8  inch  or  less)  can  be  pushed  virtually  to  the 
maximum  total  depth  of  24  Inches.  Additional  shaped -charge  hole 
depth  would  be  advantageous  with  a  similar-sized  shaped  charge. 
However,  the  80-degree  liner  of  this  charge  matches  very  well,  with 
the  data  obtained  from  the  improvised  charges. 

The  long,  small  -diameter  cratering  charge  has  only  two  ad- 
vanteges.  It  requires  a  smaller-diameter  pilot  hole  and  essentially 
prevents  the  formation  of  camouflets.  However,  the  short,  wider- 
diameter  charge  gives  much  better  foxhole  configuration.  Therefore, 
for  a  particular  shaped  charge,  the  largest -diameter  cratering  charge 
consistent  with  maxlmvmi  explosive  needed  is  rnst  suitable,  since  max- 
im\mi  depth  to  center  of  gravity  gives  the  better  configuration.  The 
previously  stated  conclxision  in  Report  1619-TR  that  a  2-inch-diameter 
cylinder,  9  inches  long  is  appropriate  is  reiterated. 

Tests  indicated  that  the  use  of  small  charges  in  multiple 
to  form  foxholes  is  possible,  but  the  number  of  charges  required  to 
deepen  an  initial  hole  is  excessive.  One  large  charge  can  be  more 
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efficient  than  several  small  charges,  particularly  so  when  one  con¬ 
siders  the  extra  effort  required  to  employ  the  multiple  charges. 
Making  multiple  pilot  holes  in  an  inltleuL  crater  (see  Table  II, 
footnotes  b  and  c)  requires  electrical  detonation  or  single  opera¬ 
tion.  In  this  situation,  neither  is  desirable  since  the  first  re¬ 
quires  demolition-trained  personnel  and  the  other  requires  too  much 
time.  Nonelectric  firing  can  be  performed  by  the  average  soldier 
but  is  not  suitable  for  simultaneous  firing  because  of  variation  in 
fvise  burning  time. 

Tests  seem  to  indicate  'that  taaQ)ing  the  cratering  charge 
would  iii5)rove  cratering  efficiency  and  should  be  accomplished  when 
time  permits.  The  tamping  can  be  best  accomplished  with  a  small- 
diameter  rod.  The  actual  amount  of  increase  in  percentage  of  crater 
volume  is  not  definite,  and  further  testing  would  be  of  value. 


IV.  CONCLUSIONS 

8.  Conclusions .  It  is  concl+ided  that; 

a.  The  incorporation  of  linear-shaped  charge  capability 
in  cratering-charge  configuration  has  negligible  effect  upon  crater 
shape  and  volume. 

b.  Due  to  waste  of  energy  near  soil  surface,  the  crater¬ 
ing  efficiency  of  long  cratering  charges  (i.  e.,  chsu:ges  \rtiose  length 
is  greater  than  one-half  the  bore-hole  depth)  is  inferior  to  that  of 
shorter  charges. 


c.  Small  shaped  and  cratering  charges  in  a  two -stage 
system,  less  than  1  povnad  gross,  can  be  effectively  used  to  assist 
in  excavating  a  foxhole. 

d.  Paste  explosive  (modified  Composition  C-U)  is  applic¬ 
able  for  expedient  shaped  charges  because  of  its  ease  of  loading; 
however,  its  performance  is  inferior  to  that  of  hand -loaded  Composi¬ 
tion  C-4. 


e.  The  scope  of  the  tests  performed  provides  the  basis 
for  future  investigation  of  80-  and  90-degree  shaped  charge  liners 
and  cratering  charge  characteristics,  configuration,  and  method  of 
placement . 
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[ax.  REQUIREMENT  ANCHOR  JUftTIFIC ATlON 

This  project  is  expected  to  provide  new  or  improved  items  c  iiAteriel,  equip- 
and  techniques  for  increasing  the  efficiency  and  ease  of  handling  and  con¬ 
struction  of  field  fortifications  and  obstacles,  to  facilitate  the  movement  and 
defense  of  field  forces  in  the  theater  of  operation,  assist  in  the  attainment  of 
their  military  objective,  more  adequately  meet  the  threat  of  increase  firepower 
and  destructive  potentialities  of  present  weapons  mwl  inodes  of  warfare,  including 
atomic,  and  provide  increased  defense  against  massed  infantry  attacks*  The  im¬ 
proved  or  developed  items  will  decrease  losses  of  materiel  and  personnel,  and 
warrant  the  assignment  of  a  1-B  priority^ 

23.  Brief  of  Project  and  Objective: 

a*  Brief: 

(1)  Objective: 

This  project  is  expected  to  improve  present  types  and  develop  new 
types  of  field  fortifications  and  obstacles,  as  well  as  equipment  that  will  assist 
in  the  construction  and  erection  of  such  items,  and  to  provide  additional  pro¬ 
tection  and  security  to  field  forces  in  the  theater  of  operations* 

(2)  Military  Characteristics:  Mot  applicable* 


DD 


FOSM 

I  FEA  40 


613 


FREVtOUt  EOlTIONft  ARE  OEftOLETl 


2158/327 


RDT  «  E  mOJECT  CARO  CONTIMUATION 


14  August  1961 


p»nojter  mo. 

8F07-10-001-02 


b.  Approach: 

(1)  Efforts  will  be  made  to  Improve  the  characteristics  of  field 

fortifications  to  increase  the  efficiency  and  ease  of  their  usage,  in 

their  transportation,  handling,  and  construction.  Special  attention  will  be 
given  to  the  use  of  prefabricated  sections  of  stable  and  light  material  designed 
to  facilitate  transporting,  handling,  and  erecting.  Development  of  obstacles 
will  be  based  on:  (1)  their  independent  use  as  a  means  to  delay  and  embarrass 
the  enen^  and  (2)  as  an  auxiliary  means  of  defense  of  field  fortifications. 
Special  consideration  will  be  given  to  the  development  of  prefabricated  sections 
of  steel  obstacles  such  as  hedgehogs  and  barbed  wire.  The  potentialities  of 
flame  as  an  obstacle  will  be  fully  investigated,  as  also  will  be  obstacles 
against  amphibious  assault  and  obstacles  against  aiibome  assaults.  Coordination 
with  employment  of  mine  warfare  will  be  considered. 

(2)  The  accomplishment  of  the  mission  of  this  project  shall  be  effected 
through  six  specific  and  successive  phases: 


Confirmation  of  requirements  by  the  using  agency  (OCMUIRC). 

Investigation  and  evaluation  by  the  developing  agency,  to 
determine  the  merits  of  possible  approaches  towards  the  solution  of  confirmed 
requirements. 


3.  Preparation  of  specific  military  characteristics. 

4.  Approval  of  the  military  characteristics  by  the  using  agency 

(COKARC) .  "" 

5.  Approval  of  the.  military  characteristics  by  appropriate  amend¬ 
ment  and/or  revision  to  this  project  through  action  of  the  Corps  of  Engineers 
Technical  Conmlttee. 

6.  Research  and  development  in  accordance  with  approved  military 
characteristics . 

c.  Subtasks: 

(1)  Mechanical-Explosive  Excavator. 

(2)  Field  Fortifications  Set. 

(3)  Multi-purpose  Individual  Shelter. 

(4)  Sprayed  &  Foaming  Plast  Fortifications. 

d.  Other  Information: 

(1)  Scientific  Rei^'aarch:  None 
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APPEND  IX  B 


SOIL  TEOT  DATA  FOR  RANGE  1 


Exhibit  1 


Depth  from 
Surface 
(in.) 

Dept  of  the  Army 
Ualform  Soil 
Classification 

Density 

(lb/ft3l^ 

California  Bearing 
Ratio  (CBR) 

(i) 

2 

CL 

Lean  clay 

105 

1 

12 

CL 

Lean  clay 

113 

22 

2k 

CL 

Sandy  clay 

113 

27 

36 

CL 

Sandy  clay 

113 

15 

50 

SM-SC 

Silty  sand 

Ikk 

83 

Groin  tin  distribution  chart 
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m  Mtthod  uMd 


gxhlblt  3 
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Groin  tiz*  distribution  chort 
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APPEND  IX  C 


CRATER  PROFILES 


Cleaned  Crater  Profile,  Charge  1 


Cleaned  Crater  Profile,  Charge  2 


Cleaned  Crater  Profile,  Charge  9 


Cleaned  Crater  Profile,  Charge  10 


Cleaned  Crater  Profile,  Charge  13 


Cleaned  Crater  Profile,  Charge  14 


Cleaned  Crater  Profile,  Charge  15 


Cleaned  Crater  Profile,  Charge  16 


70 


Cleaned  Crater  Profile,  Charge  19 


Cleaned  Crater  Profile,  Charge  20 


0.33  lb 


Cleaned  Crater  Profile,  Charge  21 


42" 


37" 


Cleaned  Crater  Profile,  Charge  22 


Untanped 

Charge 


0.50  lb 


Cleaned  Crater  Profile,  Charge  25 


Cleaned  Crater  Profile,  Charge  26 


Cleaned  Crater  Profile,  Chargee  30  and  30A 


79 


Cleaned  Crater  Profile,  Charges  33  and  33A 


Co  In  *!•  ^  00  — ^ 


81 


ClMttMd  CrAt«r  ChargM  36, 


ClMiied  Cr«c«r  Profile,  Charge  37 


Cleaned  Crater  Profile,  Charge  38 


Cleaned  Crater  Profile»  Charge  40 


Cleaned  Crater  Profile,  Charges  42,  42A,  42B,  42C 


Cleaned  Cratar  Profila,  Charga  44 


96 


Cleaned  Crater  Profile,  Charge  56 


Cleaned  Crater  Profile,  Charge  57 


105 


1.00  lb 


118 


Cleaned  Crater  Profile,  Charge  78 
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Cleaned  Crater  Profile,  Charge  83 
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Cleaned  Crater  Profile,  Charge  84 
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